Introduction
Vertebral osteomyelitis has become a relatively rare disease in advanced nations, mostly due to the development of chemotherapy. However, vertebral osteomyelitis still involves patients with risk factors such as diabetes mellitus, genito-urinary tract infection, previous spinal compression fracture, or liver cirrhosis, especially in the elderly [18] . Vertebral osteomyelitis from saprophytic micro-organisms such as Candida albicans and Aspergillus is reported to be increasing [3, 12] . In order to evaluate the characteristics of vertebral osteomyelitis, we analyzed 38 surgically treated patients from the viewpoint of clinical parameters of this disease in terms of the pathogen, onset age, onset symptoms, radiological grade of vertebral destruction, and result of surgery.
Materials and methods
Thirty-eight patients with vertebral osteomyelitis, who were treated surgically in the University Hospital between 1980 and 1993, were included in this study. Patients with vertebral osteomyelitis treated successfully by conservative methods were excluded. The subjects consisted of 24 men and 14 women, with an average age of 52 years (range: 17-76 years). Diagnosis of vertebral osteomyelitis was made by medical history, physical examination, laboratory data, radiological findings, and cultures from the needlebiopsy material or operative specimen. Anterior debridement and fusion was performed in all the cases. The surgical indications were (1) inability to walk due to severe low back pain or back pain for more than 1 month, (2) rapidly progressive vertebral destruction in spite of conservative treatment, (3) severe clinical manifestations, such as high fever (< 38.5°C) and weight loss that were not controlled by conservative treatment, and (4) neurological complications due to epidural abscess or granulation tissue. Most cases were referred to our hospital from affiliated hospitals due to these surgical indications, and they were treated surgically. Surgical method and postoperative course were as follows. Removal of the affected intervertebral disc was completed via transthoracic and Abstract The purpose of the study was to evaluate the characteristics of patients with vertebral osteomyelitis who were treated by anterior debridement and interbody fusion. Thirtyeight patients with vertebral osteomyelitis, who were treated between 1980 and 1993, were analyzed in terms of age at the occurrence of disease, duration of disease, type of onset symptoms, radiological type of vertebral destruction, species of pathogen, and surgical result. Thirtyone out of 38 patients (82%) were more than 40 years of age. The patients with severe vertebral destruction were significantly older than those with mild vertebral destruction. Vertebral destruction in the thoracic spine was significantly more severe than that in the lumbar spine. Staphylococcus aureus was identified in only six patients (32% of organismdetermined cases). In the present patients who required anterior debridement and bone grafting for this disease, the prognosis was quite good after anterior interbody fusion in conjunction with antibiotics therapy. extraperitoneal approaches in the thoracic and lumbar spine, respectively. This was followed by careful resection of the destroyed vertebra, and autogenous iliac bone grafting was performed. In the lumbar spine, interspinous block was supplemented for reinforcing the stabilization of the functional spinal unit, facilitating early bone union [19, 20] . Standing and walking were allowed 2-4 weeks after surgery. A body cast was applied for 1-2 months and then a plastic brace was applied for approximately 2-3 months until solid fusion was radiologically confirmed. Postoperatively, antibiotics were intravenously given in maximal dosages for 2-3 weeks, followed by oral administration of antibiotics for at least 2 months. The erythrocyte sedimentation rate was used as a guide to the response to therapy. The involved spinal level was the cervical spine in 1 case, the thoracic spine in 10 cases, and the lumbar spine in 27 cases. Depending on the number of vertebrae involved, single-level fusion was performed in 35 cases and two-level fusion in 3 cases. Age at the occurrence of disease, duration of disease (duration between symptom occurrence and admission), underlying conditions of disease, pattern of onset symptoms, radiological grade of vertebral destruction, species of pathogen, and surgical result were evaluated. Factors correlating with the radiological grade of vertebral destruction such as onset age, spinal level, and species of pathogen were analyzed. In addition, from the chronological viewpoint of the time of surgery, the 38 cases were divided into early cases (n = 22; those operated between 1980 and 1988) and more recent cases (n = 16; those operated between 1989 and 1993). The radiological grade of vertebral destruction in the early cases was compared with that of the more recent cases.
Types of onset symptoms were assessed by Kulowski's classification [11] as modified by Kokubun [10] : (1) acute type, occurrence with general and local acute inflammatory signs such as high fever, severe back pain, severe back stiffness; (2) subacute type, occurrence with mild fever of around 37°C; (3) insidious type, occurrence without fever or back pain. Radiological degree of vertebral destruction was classified into four grades: grade I, only disc space narrowing; grade II, bony destruction in the vertebral endplate; grade III, vertebral body destruction of less than 50% of the vertebral body height; and grade IV, vertebral body destruction of 50% or more of the vertebral body height (Fig. 1 ). For precise discrimination between grade III and grade IV, the sagittal tomographic findings were also taken into account.
Radiological grade of vertebral destruction in the groups divided by the spinal level, disease duration, species of pathogen, and time of surgery (early or more recent cases) was compared by the Mann-Whitney U test. The differences in the average duration of disease between the groups divided by the type of onset symptoms and the differences in the average age by radiological vertebral destruction were compared using one-way analysis of variance.
Results
Age at the occurrence of disease Thirty-one out of 38 patients (82%) were more than 40 years old. The most frequently affected age group was 50-to 69-year-olds.
Underlying conditions of disease
Regarding underlying conditions, six patients had gastrointestinal cancer or malignant lymphoma, five patients had diabetes mellitus, two patients suffered from sepsis, and psoriasis, pulmonary tuberculosis, and Behçet disease affected one patient each. There were five patients with spondylodiscitis following surgical discectomy and two patients following discography. Twenty-two out of 38 cases (59%) had underlying conditions or previous causative surgery or disc puncture. Elderly patients tended to have underlying conditions; however, there was no correlation between causes of disease and duration of disease, age, or type of onset symptoms.
Type of onset symptoms assessed by Kulowski's classification
The number of cases of acute type, subacute type, and insidious type was 18, 7, and 13 cases, respectively. There was no significant difference in duration of disease between the groups divided by the type of onset symptoms. Four out of six patients in whom Staphylococcus aureus was identified showed acute type of onset symptoms. All patients except one complained of neck and shoulder pain, back pain, or low back pain.
Species of pathogen
Cultures from the operative specimen or needle-biopsy material were performed for all patients and the organism was determined in 19 cases (50%).
Staphylococcus aureus was identified in six patients; Staphylococcus epidermidis in two; Acromobacter xylosoxidans in two; Candida albicans was identified in two; and Escherichia coli, Pseudomonas aeruginosa, Streptococcus pneumoniae, Pseudomonas aeruginosa, Klebsiella pneumoniae, Citrobacter freundii, Streptococcus simulans, in one each. Candida albicans was identified in two patients who underwent intravenous hyperalimentation.
Factors correlating with radiological vertebral destruction
The radiological grade of vertebral destruction on admission was grade 1 in 9 cases; grade 2 in 12 cases, grade 3 in 10 cases, and grade 4 in 7 cases. From the chronological point of view, the radiological vertebral destruction was significantly more severe in the more recent cases (Table 1 ). In addition, among the 38 patients, patients with severe vertebral destruction were significantly older than those with mild vertebral destruction, though this age difference did not apply between the grade I and grade II groups (P = 0.0068-0.00003, one-way analysis of variance; Fig. 3 ). Comparison of vertebral destruction in the thoracic and lumbar spine revealed significantly more severe destruction in the thoracic spine (P = 0.02, Mann-Whitney U test; Table 2 ). There was no significant difference in vertebral destruction between the groups divided by the duration of disease or species of pathogen (Table 3) . One patient underwent repeat surgery due to a nonunion 6 months after surgery. Additional bone grafting was performed and anterior interbody fusion was obtained 4 months after the second surgery. There was no death and no other complications relating to operation. Relapse of infection did not occur over the average follow-up period of 5.5 years (range: 3-11 years).
Discussion
The age distribution of patients with vertebral osteomyelitis in the present study was weighted considerably more towards the elderly than was the case in previous series [6, 7, 17] . Griffiths and Jones [6] reported in 1971 that organisms were determined in 12 of 28 cases (43%) with pyogenic infection of the spine, and Staphylococcus aureus was identified in 9 of 12 cases (75%). In the present study, organisms were determined in only 19 (50%) out of 38 cases. This positive rate of culture is not particularly low compared to previous reports [2, 6, 7] . Antibacterial therapy in the referring hospitals might have affected the results of a bacterial diagnosis in the present series. However, negative cultures do not rule out a bacterial origin. From the histopathological study of the resected specimen, diagnosis of the cases with negative culture should be confirmed. Regarding the species of pathogen, Staphylococcus aureus was identified in only six cases (32% of organism-determined cases, n = 19). Low virulent organisms were cultured in other cases. The percentage of Staphylococcus aureus in the species of isolated pathogen showed a decrease compared to that in the previous reports [6, 7] . These findings may in part be the result of advances in chemotherapeutic agents and to the senile immunocompromised condition from the generalized elongation of the average life expectancy. In fact, patients with severe vertebral destruction are older than those with mild vertebral destruction (Fig. 3) . In addition, patients in whom low virulent bacteria was identified were sometimes complicated with systemic disease such as urinary tract infection or gastrointestinal malignancy. However, regarding the correlation between species of pathogen and vertebral destruction, there was no significant difference between organisms. Thus, the degree of vertebral destruction may depend mainly on patient's biological reaction relating to their physical condition or age.
Regarding antimicrobial therapy, antibiotics should be selected on results of susceptibility studies of pathogens isolated. In patients in whom a pathogen was not isolated, an empirical approach to antimicrobial management was adopted [21] . In all cases, we think that an anterior approach allows direct access to the infected tissue and sufficient debridement on the above-mentioned surgical indications. Resection of hypovascular infected vertebral bone and disc tissue facilitates the control of micro-organisms by improving local blood supply [2, 9, 15] , which leads to the adequate concentration of antimicrobial drugs in the local tissue. Autogenous iliac crest grafting, which promotes rapid healing without collapse, should extend from healthy bone above to healthy bone below [4, 8, 9] . In the present selected patients, who required anterior debridement and bone grafting for this disease, the prognosis was quite good after surgery in conjunction with antibiotics therapy, as previous authors have advocated [5, 9, 14] . The average period of bedrest after surgery in the present patients was 4.7 weeks, which was nearly the same as that in previous reports on surgically treated cases [5, 15] and was much shorter than that in conservatively treated cases [6, 15] . In order to shorten the bedrest period and eliminate the need for external support, the use of posterior spinal instrumentation systems is advocated [13] . However, the general condition of these ill patients and advantages and disadvantages of additional major surgery after anterior interbody fusion should be considered in each case with this disease.
In the more recent cases presenting severe vertebral destruction (grade III or IV), based on the tomographic findings, there were four cases with compressive type vertebral destruction in the thoracic spine. These lesions were considered to be associated with compression fracture or vertebral collapse. McHenry et al. [16] reported that vertebral osteomyelitis may develop as a complication of compression fracture due to osteoporosis or may present as radiological collapse of a single vertebra. Compression fracture may produce favorable conditions for hematogenous infection due to local clot formation and circulatory disturbance in the vertebra [1] .
In the present series of vertebral osteomyelitis, changes in the pattern of pathogenic organisms and increased severity of vertebral destruction in the more recent cases were noted. In addition, a correlation between radiological vertebral destruction and age at the occurrence of disease or the spinal level were observed. In the selected patients who fulfill the above-mentioned indications, anterior debridement and bone grafting for this disease was considered to be an effective and safe method of treatment. 
